VTI, R & T coefficients

Reflection and Transmission coefficient for VTI media
R. K. Sharma and R. J. Ferguson
ABSTRACT

Presently, we obtain the reflection (R) and transmissiorc@Efficients of plane waves
at boundary between two transverse anisotropic media Wétvertical axis of symmetry
(VTI) in behalf of its importance for numerical computatgonAdditionally, these coeffi-
cients are valuable for the full elastic wave modelling imsatropic media. Classical R and
T coefficients have been obtained in terms of phase angleaanbleccomputed by using the
effective ray parameter. To do this, we compute a normal &@handividual plane wave
based on local velocity, that is function of Thomson’s pagtanof the medium, and a vec-
tor cross-product of this normal with the normal to the rafegields a ray parameter that
is used here to compute the corresponding R and T coeffid@masgyiven plane wave. Fur-
ther, the importance of the Thomson’s parameters in ordentierstand the seismic waves
signatures in anisotropic media make it necessary to oRand T coefficients in Thom-
son’s parameters. For doing so, we build a relationship éetwWigot elastic constants
and Thomson'’s parameters by following Graebner’s approdsing this relationship, the
corresponding R and T coefficients are obtained in terms ohT8on’s parameters. An-
other importance of this approach is the automatic adagtidthand T coefficients for the
transverse anisotropic media with the horizontal axis afsyetry (HTI). Moreover, ampli-
tude versus offset (AVO) is a variation in seismic reflecteonplitude with offset and it’s
also referred as AVA (amplitude versus angle). Typicalippditude decreases with offset
because of geometric spreading, attenuation and otharsaathile an AVO anomaly is
characterized by the increasing AVO in a sedimentary sectal indicates the probability
of the presence of hydrocarbons. As opposed to the isotagse where the velocity re-
mains constant for all incident angles, the velocity is tinection of the angle of incidence
for anisotropic media and motivates author to analyze tfeeedf rock anisotropy on the R
and T coefficients of seismic waves. To achieve this purpgosé SH wave is considered,
due to its simplicity for VTl media. The effect of Thomson paretery on the R coeffi-
cients is delineated presently. In continuing of this, teé models characterized by the
Class 1, 2 and 3 type of Gas-sand anomaly are considered ferviring the influence of
anisotropy on P-wave reflectivity and to test the accuradh@iplane wave R coefficients.
A test of accuracy of the populariiger’s approximation is also delineated here.

INTRODUCTION

The travel time of a signal from the surface to and from a réfleand the amplitude
of the reflection comprise the seismic response. Since tihectien coefficient play an
important role in order to interpret the field records fohétogy, porosity and fluid content
etc (Upadhyay, 2004). Thus, the amplitude of the reflectttaires more attention of Geo-
scientists. For isotropic media, the amplitude of the réfdecis a function of the density,
compressional and shear wave velocities of the two layetsrttake up the interface and
the angle of incidence (Shearer, 1999). The velocity ofrggmt media remains constant
during the AVO analysis while velocity of anisotropic medaries with angle of incidence
and interrupt the AVO analysis (Ruger, 2001). In order tolyethe effect of anisotropy
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on the R and T coefficients, VTI model is taken into account tuiés simplicity among
anisotropic media beyond the isotropic media. The thinj)etad media with horizontal
interfaces and horizontally stratified shale formatiores @raracterized by the VTI model
(Thomson, 2002). For VTI media the wave equation separatesai coupled pair of the
equations for the P-SV waves and into a single equation pthre SH-wave (Slawinski,
2003). Further, VTI media possessaxis as axis of symmetry so there is no loss of gen-
erality in considering propagation in any plane. First wecdss about the plane wake
andT coefficients of SH wave for VTl media. Then we consider thenplavaveR and T
coefficients of P- and SV-wave as an extension of preceding.wo

R AND T COEFFICIENTS OF SH-WAVE FOR VTI MEDIA

In past, R and T coefficients have been obtained in severaanisnaccording to their
importance. Further, on consideration of anisotropy irseét exploration, the R and T
coefficients have been obtained in terms of the phase andlenaterial properties on the
either side of the interface (Daley and Horn, 1977). Prdgente drive the R and T coef-
ficients in the plane wave domain in behalf of the efficiencieims of the computational
time for Rayleigh Sommerfeld modelling(RSM) (Sharma andjison, 2009). Along with
this, some times R and T coefficients are required for useflaatévity programs where
integration over ray parameter is required (Ruger, 200dJ.this case parametrization by
the phase angle can be inconvenient. This inconvenienckecawoided by deriving the R
and T coefficients in terms of the ray parameter. To do thisc@mapute the ray parameter
using effective ray parameter approach (Sharma and Feng@609) and is used to com-
pute corresponding R and T coefficients in the plane wave doma
In general, the reflected and transmitted waves are geddrgitan incident wave when an
interface is encountered. The amplitude of the reflectedt@m$mitted waves depend on
the R and T coefficients (Krebes, 2008). In order to obtairRtaad T coefficients bound-
ary conditions, the continuity of displacement and trattare considered at the boundary.
After applying the boundary conditior®andT coefficients for anisotropic media are ob-
tained in terms of the effective ray parameter and the elastistant and can be written as
(Slawinski, 2003)

_ Cia QL — Cia @
=T (1)
Cia 1 + Ciy G2
and

2ci, 0

Ciaqi + cy g’

(2)

Tsy =

wherec}, andc?, are the elastic constants of the incident and the refracteianc],
can be related to Thomson’s parameter as (Thomson, 2002)

ca = p1 (Bo1)?, (3)

andc?, is described as
04214 = P2 (502)27 (4)
wherep and  are the density and the vertical shear wave velocity. In &isthe first

digit indicates the shear wave propagation direction wéspect to the vertical and the
second digitindicates the medium. The incident and thacefd medium are characterized
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by indices 1 and 2, respectively. Following the equationsn@ &, the reflection and
transmission coefficients can be described as

_ M Boi’q1 — p2 Boa’ @
p1 Bor’q1 + p2 o2’ @2

Rsu (5)

and

P1 ﬁ012CI1 (6)
p1 B’ @ + p2 B2 g2
whereg; is the vertical slowness for SH wave in the incident mediuch@an be written as
(Ferguson and Margrave, 2008)

Tsyg =2

G = \/50172 —pr? (21 +1), (7)

and the vertical slowness of the refracted medigns described as

G2 = \/502_2 -2 (272 + 1), (8)

where~; and~, are the Thomson’s parameters of the incident and the refilaoediap;
is the effective ray parameter and can be computed as

pr=|p xal \/pi +p3+ ¢, 9)

wherep,, p, andqg are the horizontal components 1, 2 and the vertical comparfethe
slowness vector, respectively and these are evaluated in¢ldent medium. The slowness
vectorp characterizes the direction of the incident wavefield adicwy to (Ferguson and
Margrave, 2008),

P1i+]92j+qf<

p= . (10)
Vi + D3+ ¢
The unit normal vectoé associated with TTI symmetry plane is written as
A = siné, cos .1+ sinb, sin g, j + cos b, k. (11)

wheref, and¢, are the dip and azimuth of the normal to the interface regpdyt
REFLECTION AND TRANSMISSION COEFFICIENTSFOR P-SV WAVE

Historically, the P-SV reflection and transmission coedints of an isotropic media
have been studied by numerous authors (Aki and Richard®; ¥&hnett, 2001). Further,
Daley and Horn has extended this study for the anisotropian@®aley and Horn, 1977).
Using the zeroth order approximation to an asymptotic rayesehey have published the
displacement reflection and transmission coefficients &\Pwaves for VTI media in
terms of the elastic coefficients and the phase angle (DaddyHorn, 1977). Account-
ing the importance of the plane wave reflection and transarisefficients as delineated
in the previous section, here we also derive plane wave Peflgction and transmission
coefficients. Graebner (Graebner, 1992) has publishedeftextion and transmission co-
efficient in terms of the elastic coefficients and the hortaband the vertical components
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of the slowness vector . Since Thomson’s parameters for eotaopic medium play an
important role in order to reduces the non uniqueness ofrtherse problem where it is
needed to model the data in a given geologic environmentcftkee 2009). Thus, we
derive the reflection and transmission coefficients in teain§homson’s parameters for
seeking the effect of Thomson’s parametgxs) on these coefficients . To do this, we de-
velop a relationship between the elastic constants useddglb@er (Graebner, 1992) and
Thomson’s parameters (Thomsen, 1986). Further, by usmeffective ray parameter we
obtain 3D reflection and transmission coefficients for VT idiae

To obtain the reflection and transmission coefficients, thainuity of the displacement
and the stress is required. Consider a P-wave impinges ontiéréaice and it generate the
reflected and refracted P- and SV-waves at the interfacen, The stress-strain relationship
(7 = ce) can be expressed as (Graebner, 1992)

Tex [ A A—2N F

0 0 O €z
Ty A-2N A F 0 0 0 €y
T2z F F C 0 0 0 (S
= : (12)
Tyz 0 0 0 L0 0 e,
Tox 0 0 0 0 L O 2 €.
E 00 0 0 0 N | |26

wheree;;=%( du;/0x; + Ou;/0x;), andi, j=z,y, = or 1,2,3. Ther;; are the stresses, thg
are the strains, the; are the components of particle displacement and4h€, F, L and
N are the elastic constants. Now, the substitution of thegolasave particle displacement
equation into the wave equation yields the eigenvaluessgphialocities) of the P and SV-
waves. Once the eigenvalues are known, the correspondjeg\actors can be obtained
as a function of the elastic coefficients and the horizomdl the vertical slownesses. On
being acquainted with the eigenvalues and the eigenveattine P- and SV-waves, the re-
flection and the transmission coefficients are obtained aff@lementation of the boundary
conditions at the interface and can be expressed in thexiiatm asSx=b. For this case
the matrixS is given by

S = aq b1 a9 bg ’ (13)
C1 d1 —Ca _d2

Whereai:Li(quoci +plmai>i bz:LZ(q/@mﬁ@ _pflﬁi)’ Ci:p]loci-Fi—'—QaimaiCii anddi:plmﬁin‘—
qs,13,C;, andi=1 corresponds to the upper medium ar@ indicates the lower medium.
Thel,, m, are the eigenvectors of the P-wave andlthens are the eigenvectors of the
SV wave and can be expressed as

V@R LG - D)+ (O + Lpf - 1)

and

(A'p} + L'q; — 1)
_ , 15
" \/(A’p? +L'qi — 1)+ (C'qi + L'p; — 1) (15)
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wherek=1 characterize the P-wave and the SV is characterized bytBeand A'=A/p,
L'=L/p,C"=C/p. Now the vectorsx andb, are given by

Tpp

Tps
, 16
. (16)

pp

tps

and

_lal

Ma,
b = . (17)
Ll (Q1 lal "‘plmm)

_pllal Fl — oy May Cl

In above equations theg is the effective ray parameter and computed with equatidh®@.
¢. and thegs are the vertical slowness of the P- and SV-waves, respéctarel can be
expressed as (Ferguson and Margrave, 2008)

qa:1/2\/260_2+2a0—2—45p§—4R, (18)
and
q@:1/2\/250_2+2040—2—4Sp§—|—4R, (29)
where ) 502
S = (1/2o‘—g+1/2)e+1—1/2%, (20)
5 0
and
22e—S+1 21-S8 1
R=1/2,[apt (s —2¢ 1) 44 ZLE ST mi=8) g (a iy 1
B Qg 53
(21)
However, the elastic coefficient matrix for VTI media can Bpressed as (Tsvankin, 2001)
[ C11 C11 — 2 Cee C13 0 0 0 |
c11 — 2 Cep C11 ciz 0 0 0
C13 C13 c33 0 0 0
c = 22
v 0 0 0 cu O O (22)
0 0 0 0 Cq4 0
i 0 0 0 0 0 «ce6 1

The comparison of elastic stiffness matrix from equatiomith the above equation yields
the relationship
cin=A,cy=L,c33=0C,c55 = L,
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and
C12 = C11 — 2 Cep- (23)

Moreover, Thomson’s parameters are defined as follow: ThiecaéP wave velocity is
characterized by

ap = ]2, (24)
p

and S wave velocity along the vertical axis of symmetry caddfened by

fo = \/: (25)
P

and anisotropy can be characterized by the dimensionles8aents

e=1/2 L "8 (26)
C33
T=1/270 (27)
Cy4
and , )
5=1/2 (c13 + caa)” — (€33 — Ca4) (28)
C33 (033 - 044)
By considering the equations (23 to 28), it can be demorestriat
A = pag(1+42¢),C = pag, L = pfs, N = pf35,
and
F=py/(an? — B%) (26 +1) a0? — 5e?) — pi”. (29)

Once this relationship is build and is used in above equstithe corresponding R and T
coefficients are obtained in Thomson’s parameters.

EXAMPLE

Now following the equations from 1 to 11 as discussed aboeeohtain the reflection
and transmission coefficients of SH-wave in the plane waveaiio for interfaces between
two VTl media. To authenticate the proposed approach werotita reflection and trans-
mission coefficients for a isotropic medium by employing asteint on they (y = 0)
in equations 5 and 6 since=0 corresponds to the isotropic medium. Figure 1 shows the
real and imaginary part of the 3D reflection and transmissiogfficients obtained as ap-
plying a constrainty=0 on anisotropic algorithm. Figure 2 shows the 3D reflectoa
transmission coefficients by following the isotropic algfom as discussed by author in the
last year's CREWES report and it is the facsimile of the Figur&drther, the corrobora-
tion is attained by consider the in-line slices and the ctimgsslices of the reflection and
transmission coefficients and are shown in Figure 3a, b, adanthe obtained results by
following the anisotropic and isotropic algorithms are did by the red and the green
colours, respectively, and the overlapping of these resisure the efficacy of the pro-
posed approach of obtaining R and T coefficients in the plaaewlomain.
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FIG. 1: a) Real part of reflection coefficient. b) Imaginarytpzf reflection coefficient.
c) Real part of transmission coefficient. d) Imaginary pditransmission coefficient, ob-
tained from the anisotropic algorithm by applying consttéiy = 0) on it.
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FIG. 2: a) Real part of reflection coefficient. b) Imaginarytpzf reflection coefficient.
c) Real part of transmission coefficient. d) Imaginary pditransmission coefficient, ob-

tained from the isotropic algorithm.
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FIG. 3: (a) The in-line (b) The cross-line slices of the SHv&/& coefficients. (c) The
in-line (d) The cross-line slices of the SH-wavVecoefficients. The red line denotes the
coefficients obtained by degenerated anisotropic algariéimd the green line shows the
isotropic coefficients. The overlapping of these curve eselthe efficacy of the anisotropic
algorithm for isotropic media.
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As it is known that AVO analysis consider the amplitude \iwia for the precritical
propagation (Ruger, 2001), we consider this condition gleoto analyze the influence of
Thomson’s parameter on the AVO analysis. To do this, the up@elium is characterized
by the invariant vertical velocity and the variabjeand the lower medium possesses the
covariant Thomson’'s parameters. Now two cases for the lonedium : (1) when the
vertical velocity of the lower medium exceeds the verticaloeity of the upper medium.
(2) The reverse to the first case , are considered. Then, tduicases (1), =7-=0 (ii)y; #0
and y,=0 (iii)y» > 7 (iv)72 < v have been taken into account. Figure 4 shows the
reflection coefficient curves as a function of the horizostalvness for the first case with
four sub-cases. It is seen that at zero slowness the reflaateel has negative amplitude
as expected since the velocity of the lower medium is grehger the velocity of the upper
medium. Theniso/iso curve follows the expected behavilnile, the change between the
reflection coefficient values, as well as the change of theestd the reflection coefficient,
is significant among the individual sub-cases for the firstecaOnly for zero slowness
(normal incidence) do the curves coincide. The slope of #flection coefficients for
aniso/iso and anisg/anisqy, < 7) sub-cases is less than the slope of the iso/isoy As
0 corresponds to the velocity increment with slowness, fis@iso situation the velocity of
the upper medium increases with slowness while lower mediuetocity remains constant
hence the numerator of the equation 5 attains the less vatligenominator get more value
than the values obtained for iso/iso situation. The bottofa¢together, allow us to except
the obtained pattern of the reflection coefficient curve tham for anise,/anisd, < 1)
scenario, the obtained reflection coefficient curve liesitwieen the previous two situation.
The obtained reflection coefficient curve for the fourth salse shows the more deviation
from the obtained curve of the isotropic-isotropic sitoatias the velocity of the lower
medium increases more rapidly than upper medium in this.case

The effect of yon AVO analysis
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FIG. 4: The variation of R coefficient with horizontal slovasefor the different interfaces
illustrates that anisotropy does have a considerable imfleien the AVO analysis.

Figure 5 shows the reflection coefficient curves as a funafdhe horizontal slowness
for the second case with four sub-cases. Again the changesbgtthe reflection coeffi-
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The effect of yon AVO analysis
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FIG. 5: The influence of the Thomson’s parameteon the AVO analysis as shown in
Figure 4 for different model.

cient values, as well as the change of the slope of the reftecbvefficient, is significant
among the individual sub-cases. However, as indicateddratiove examples, ignoring
the presence of anisotropy in VTl media has the potentiakeérely distorting the AVO

analysis.

Now following the theory delineated above in the reflectiad ransmission coefficient
for P-SV section, we implement an algorithm based on equatimom 13 to 29 in order
to compute the reflection and transmission coefficients for Media. Prior to anisotropy
consideration, we compute the reflection coefficients os#iemic waves for isotropic me-
dia by using anisotropic algorithm with applying consttdin ¢ = 0) on it. Moreover, re-
flection coefficients are obtained using isotropic algonitioo based on the Zoeppritz equa-
tions in order to substantiate to anisotropic algorithmg@ier, 1999). However a complete
set of the reflection and transmission coefficients are reduior accomplishing the 3D
modelling but only the reflection coefficients of P-P and S¥&8e considered presently in
behalf of the complexity of the reflection and transmissiarves for this case. Figure 6a,
b show the real and the imaginary part of the reflection caefiits of the reflected P and
SV waves when incident P- and SV-waves are considered,atagglyg, and are obtained by
the implementation of degenerated anisotropic and ismtralgorithms. The overlapping
of these curves show the feasibility of the anisotropic atgm for isotropic medium. To
obtain these figures, the interface has been considere@ oivthisotropic medium which
follow the conditiona; < aw, /1 < B2 and (1, f2)<(a1, az) wherea; and j; are the P-
and SV-waves respectively—= 1 corresponds to the upper medium and the lower medium
is characterized by = 2. For this condition, it is known that when P-wave encoun&rs
the interface four cases, namely, pre-critical, critigalfitical2, post-critical arise in this
situation and can be defined on the basis of the maximum sks\p@ssessed by the body
waves in the lower medium. However, reflection and transiomssoefficients of P and SV
waves remain real in pre-critical situation while becomenptex beyond the pre-critical,
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FIG. 6: (a) The real and imaginary part of the R coefficient{#&) P-P (b) S-S cases. The
green line denotes the coefficients obtained by degeneaaisdtropic algorithm and the
red line shows the isotropic coefficients. The dotted blatk magenta lines indicates the
imaginary part of the R coefficients obtained by the degeardranisotropic algorithm and
isotropic algorithms, respectively. The overlapping aégb curve endorse the efficacy of
the anisotropic algorithm for isotropic media.

we will consider only pre-critical scenario for further gy As it is known that the better
quality and low cost in acquisition and processing of the paassional wave data than the
shear wave data make the exploration community to be saogdtistl in the acquisition and
processing of the P-wave data. In following section, we wolhsider only P-P reflectivity
for seeking the effect of anisotropy on it.

In order to test the accuracy of the plane wave domain reflectoefficient the three
models characterized by the class 1, 2 and 3 type of Gas-sardady, respectively are
considered. The model parameters used presently are takarRfiger (Ruger, 2001) and
has been published before also by Kim. Further, in ordergbthtee accuracy of the pop-
ular approximation given by iyer is also considered here. Figure 7 shows the P-wave
reflectivity with horizontal slowness for a isotropic medil is indicated from this fig-
ure that curves obtained by the exact algorithms of the apotrmedia and VTI media
are analogous to each other while approximation 0§& provides a close match to the
exact solutions near to the zero horizontal slowness an@svfrom the exact solution
as slowness increases. The overlapping of the plane waeetiefi coefficients obtained
by the exact isotropic and degenerated anisotropic algusgtestablish the accuracy of the
approach followed by the author. Further, the overlay ofotg#d exact reflection coef-
ficient with the reflection coefficient obtained by applyingder's approximation near to
the horizontal slowness can be treated as supportive liedaltour of the the accuracy of
the exact plane wave reflection coefficient given by equafi@n 14, 15, 16 and 17. To
illustrate the effect of the anisotropy on the P-P reflettiaind the accuracy of thellger’s
approximation’s, we show the P-wave reflection coefficiéotdhe same three models as
used previously but now the VTI symmetry has been introductdoverburden shale by
considering the anisotropic parametérs= 0.133, 6 = 0.12). Figure 8 illustrate the effect
of the anisotropy on the P-P reflection coefficient and aayuecd Riiger's approximation
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FIG. 7. P-wave reflection coefficients computed for thrededgas-sand interfaces. The
solid red lines indicate the exact solutions and the dastesshgand black lines show the so-
lutions computed by exact VTl andiger’s approximated algorithms for isotropic medium,
respectively.
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FIG. 8: The reflection coefficients curves of the P-wave fa three models shown in
appendix. The thick red line denotes the exact isotropiec&tin coefficient, the dashed
green and black lines show the exact and approximated rieflecbefficients after intro-
ducing vertical transverse isotropy into the shale ovetborwith anisotropic parameters
(0 =0.12,¢ = 0.133)
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FIG. 9: In order to seek the influence of then the reflection coefficients,the same reflec-
tion coefficient curves of the P-wave as the ones shown inr€i§wbut for a zera in the
shale layefy = 0.12,¢ = 0)
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FIG. 10: The same P-wave reflection coefficient curves as shpreviously in Figures 8
and 9 but for a VTl medium characterized by anisotropic patens(d = 0.12, ¢ = 0.233)
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FIG. 11: P-wave reflection coefficient curves for the samedhmodels but for a positive
value ofé in the shale layefd = 0.24, ¢ = 0.133)
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FIG. 12: In order to seek the influence of theon the reflection coefficients, the same
reflection coefficient curves of the P-wave as the ones shoviigure 11but for a zero
in the shale layefd = 0,¢ = 0.133)
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FIG. 13: The same P-wave reflection coefficient curves asribe shown in Figurell, but

for a negative value of anisotropy(negativén the overburdend = —0.24,¢ = 0.133)
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as exact VTI reflection coefficient are compared with the egponding isotropic reflec-
tion coefficient(e = 0,5 = 0) and VTI approximated reflection coefficients. This figure
shows that behaviour of the reflection coefficient curve canhmnged substantially in the
presence of anisotropy. It's also depicted that the VTI apjpnation’s results do match
perfectly with the exact one at the zero horizontal slowreess$ closely near to it. Mean-
while, the deviation of the approximated reflection coefinticurve from the exact one, as
horizontal slowness increases, is also observed. It'sradoed that the approximation and
the exact reflection curves are close to each other for thetfits models. The accuracy
of the Riger’s approximation is lower for the third model. In thisedt is shown that the
anisotropy has its largest influence on the reflection caefftdor higher value of slowness.
Further, the examples are repeated for two different vafuensotropy parametee (= 0
ande = 0.233) in Figures 9 and 10, respectively. By examining these figjitris observed
that the difference between the curves are restricted ttatge values of slowness but the
accuracy of the approximation remains unchanged near tath@ horizontal slowness.
Another examples are considered for three different vatii@sisotropy parameters

(6 =0.24,6 = 0andé = —0.24) with constant value of = 0.133 for observing the
influence of delta on the reflection coefficient curves. Thesemples are shown in the
Figures 11, 12 and 13. A close investigation of these Figomalses it possible to illustrate
that anisotropy influences the P-wave reflection coefficierst considerable manner and
the difference between the curves near to the zero horizslmtaness is governed by the
anisotropy paramete.

CONCLUSIONS

We have presented the plane wave reflection coefficient ddheand P-SV-waves for
anisotropic media by following the Graebner’s approach asidg effective ray parameter
approach in order to accomplish the full elastic wave maaiglfor anisotropic media in
behalf of its efficiency in the plane wave domain. The auticatibn of the obtained plane
wave reflection coefficient of P-wave has been describedénarce to isotropic reflection
coefficient and Rger’s approximated reflection coefficient. Further, it bagn observed
that anisotropy influence the solution for the SH-wave réifteccoefficient through the
contrast in the anisotropy parameteacross the boundary. It has been demonstrated that
anisotropy does not have any effect on the reflection coefficdof the normal incident
waves. For P-P case, the parameétgoverns the pattern of the reflection coefficient near
to zero slowness ands responsible for the behaviour of the obtained reflectmefficient
at the large values of the horizontal slowness. These oaenvare a manifestation of
the well known facts that governs the influence of anisotropy on the P-waves traggllin
near horizontally and dominates near vertical wave propagation. If there is ndreshin
Thomson'’s parametels, ¢) across the interface, the reflection coefficients obtaineah f
the exact anisotropic algorithm by putting an constréind = 0) on it coincides with that
obtained from purely isotropic algorithm, meanwhile théeetion coefficient obtained
from Rigers approximation do match with the exact one at and neéletaero horizontal
slowness. Finally, these analysis of the effect of anigyti@n the reflectivity of the body
waves, indicate that conventional AVO analysis needs to bdified in the presence of
anisotropy on either side of interface. Since there is cerable difference between the
reflection coefficient curve obtained from the exact and exprated algorithms at the
large value of the horizontal slowness and this differenes miso be noticeable near to
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zero slowness in the presence of strong anisotropy, we dhdral with the more exact
algorithm so that the scanty of the accuracy could be avoided
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APPENDI X
Parameters Overburden(Shale) Lower medium(Sand)
V,(m/s) 3300 4200
Vi(m/s) 1700 2700
Density(gm/cm?) 2.35 2.49

Table 1: Model parameters for Class 1 AVO

Parameters Overburden(Shale) Lower medium(Sand)
Vy(m/s) 2960 3490
V,(m/s) 1380 2290
Density(gm/cm?) 2.43 2.14

Table 2: Model parameters for Class 2 AVO

Parameters Overburden(Shale) Lower medium(Sand)
Vy(m/s) 2730 2020
Vs(m/s) 1240 1230
Density(gm/cm?) 2.35 2.13

Table 3: Model parameters for Class 3 AVO
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